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Title ? Control of Dr ill ±m gearses to tfe : triy : ins 
oi Bocts Holes* 



Field of sjfew-iSH£H£i£S> * 

This invention relates to the control of a* tiling courses 
in the directional ■drill rlnf of bore holes, for esas^le in 
the . Vjpid^'-- '*^*ae*fet; i : tafl»» oil exploration, mineral s 

5 e^lo-ea-flan: ^fta/ :::: 9e©t^e;ieBssli energy extraction. The 

invention is cancernsd with apparatus- tor us© in rotary 
drilling, rather than turbine drilling ^hich uses down 
hole motors* 



Background to the invention^. 

10 Currently, coarse control with conventional rotary 

drilling is particularly difficult ana time consuming.* : 
other than f or purely • vertical bore holes . Howeve r t 
rotary drilling has the potential to toe very attractive in 
directional drilling since it is economical, In fact, 
IS Ksany drillers revert to conventional rotary drilling when 
drill ing ttoe inclined tangent section of direct tonally 
drilled bore boles ^.despite the associated difficulties, 
• A typical assembly Vof/^r ill string components near the 
'bottom of a bore hole raAy consist of a drill bit, drill 
20 collars and stabilisers, this being Known as a bottom hole 
assembly. A drill collar is a heavy drill pipe vhose 
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action it is to transmit-, drill ing torque <m<i axial 

thm ^ : to the ariil ■^^■.^■^^■■■^"■t-iij prdvi^ ^iqht and 
to provide a connec tf oil to the &her drill string 
coitipone nfes above * A ;»U:BS|#t;; : te a d^^ice wh ich Is 
3 approxi^afeelY ■^a^-./ai.a^K^/:.^ the bore* hole wall &n<3 

aots to central ip tlie firili coliar £.rt; : its ^icinifcy. 
Sections of di-iii collar, stabil isers arid the drill bit 
are jotri^a by screwed eon n^ctoiis. An aim of the invention 
xs ^^ '::^fc$a,i':n^:;rit :a:B&;/or:. - i^U^:^^ ife^ rs^i iit^^! : - ' : • :c3&^: i^^^l dr. il l log 
10 *3¥fKSx§fe»- by the use of M^hb vfeioh: provide a controlied 
^;£^^tiqte «?Er -ijfecr --:ifefi^ dr ill strings 

gg^ma^ of tfoe_ in^antion^ 

Accoraing to tfe invention drilling apparatus comprises a 
rotatakle aril! -.collar * a drill bit carried by tfee and of 

IS tfeev&iil Mlar; r two sp ; a^a^ act to 

locate the aril X -e^ : a;; : ;;^ore : ^hoie : - being drilled 

■^■^^il^pcflL- means for cont roiling the arill. ing course* the 
control *ea^^ cm^icz&tvtq sensing i^ans :; -f^r-" : "TO : asiT6f^-"tite- 
aeitual ariilirig -cQttrSe* inf oraat msi storage i^ans for 

2:0 storing a pr§i3e fcermin® 3 mgaireS drill ing course , 

cQsmari&on. reais f 01: cosf aririg Ihe > senses eour^e ^ith the 
sraguirea coarse and f or d#l i wring an error signal ih 
d&pehaence' upon the aDfrf*arMon r ancl actaatirig TOarts which 
do not mtate. with the collar wn& whi&h appij a controlled 

25 lateral foroe or aisflaaeMnt to the drill collar in order 
t® ^ ^ a 

vary the drill iiig coarse if : ^e;iidenee agon: : said . error 
.signal* 



30 



The sensing MaBsyp^feraM B^tis^ cl ii^ct iori and 

inel ih^tioii of the bort Me course mlativ^ to -the ^artte 

magnetic and gravitational flaMs msp0ati^ly> 
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The aotuatirtg ..laea-riB, preferafelf inqlude a specially. adapfceS 
control stab 11 is-e,r wriioh my fee iQc^tecS tetwe^n^ said 
spaced stabil i^ers; i*h' : J.cJi ma^ be consent; : i;tfh : ^\ : #fe$biii^'tfs - 
;9m Qf fete sp : a^ed,>0fe^ : b:iI:i^^-2^ will be I;oaa4:ed: close to the 
drilling bit ltfe n naar bit st^ otker 
typ ieally 30 to 100 f t .:b^h:IM> Th^ control sfeabil isf r 
controls the fc^ the drill 

collar fcft rough control! ^ ::iagni : 1:u^s; in controlled radial 
direct ions ? ■■ft^iftg-- "■■^se two spaced; stabil ised support 
points, f hoB ^bo n a change in ill ing aireofc ion is 

qu ire d * the de f l ec t ion of the drill col l ar m suits in a 
change in the angle of the arii^^ the 
current dire at ion of the bore hole* Tki&, -<sha«ge- in angle 
resul ts in a ;abange: in-driii:ing ■di^ct ion* 

The inf orHtation storage maM tm$ be pro'^i^^S with 
inf orm&t io^ wftich relates to tfta desired direotio^ arid 
■;i"i^l/ii^;ifc;l<*!h --rOW 1 - bore hole coiar^s ^ and also to the 
maximum desired oar^ature o£ the bore &ole during tfte 
transition f rom the :initial-'-bore- bole oo^rsa to the 
deslrecl "bom hole course :y XaEormst ion can foe sappl ied to 
the t^f ori^atiort storage ttfeart^ •'ife±^h«-ir: : wfen the latter is &n 
the surface prior to drilling or wh^n in situ during the 
d r i 1 1 Ing ope rat ion ■ when a : gOii r^ #: eh a nge = may be re qu i red ... 

: Wh6w-dti.;' ;: : th# surface * ati ^lactrical. Owt^O:€ :: %ill toe ss&cle 
•■■:^it.h :: -- : t:he ::: - -£.ri#^tr : ma : t:io'h'"" :: stora/g& nve&ns and tMB eta ta 

■t:^: ; nslrti•t:te^^'■^l : li^■ digital £ orM Mien in situ * information 
can be tra n& m it t e d to the iniformation storage m^arc& in the 
£ollo^in:g way* Rotation of the drill collar in tile 
vicinity of the control st:abil ; is ;e r ^ ^aa ily tie detected 
since certain, par oi ti^ control : staMli^ nor:mally 
stationary. In its sxmpiesr torn- thi* could he counting 
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pressure pulses from the-- PSoiprocating hydraulic gggg** 

mm, mm it m mmix*& to $ w iy i^-mmmm- f a timed, 

Wmmm&m^mi of drill string, rotations «« stop 
rotations, or reverse rotations, is initiated from the 
5$ sfetface, 3>feis code can bs reeognised and the information 
storage fceans: can h* triggered into a receive information 
raode - a following tisa^a sd^ence of drill string 
rotations. Stop; rotations, or reverse rotations, provides 
the required information of direction, inclination ana 
curvature which is recognised and stored by the 
information storage mans, Mternati^eiy, the coded 
rotation of the drill oollar eotxld be sensed from the 
vol tap irodaced i>% m electrical generator driven by 
rotation of the drill collar- 

IS An alternative siethod of supplying information is to lower 
down the inside of the drill string a programt&er nnit by 
means of an electrically eoragttcfclve line* The Information 
storage mans may foe lEftagnetiCally or acoustically campled 
to the p rog raste r unit and the reqnired information 
tmnsmitfeea by a timea sequence of eiectrital and i^gnetie 



20 



If or acoustic pjlses* 



The oonparison. Hteans and the subsequent generation of 
signals to drive the actuating saeans are generated by M ' 
algorithm which is stored an<a processed oiecttdnically, 

25 Thm ^efeuating mans ^Sl&tefcs £&« : doll;a:r. f in 

vicinity- of tlm control atabll iser^ in t^^' 03f.it h^ftin-aL'i. 
directions by nmmm& gl^liig the desi^d TOgnitu^ a.rv3 
direction of aafl^ctia^ The forces to: produce fche:se 
deflections may foe p^D^iaea '§f: £Ismbl& tubes or bags, 

3D wftieh Miml-xm with fe^dr'auiia fl^M: '^^^/■'^iateif; the 

required deflections are abtain^d. I »aMr^i of the 
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required deflections are :tbe foroes wffich Ice sb^lied by 
the actuators sirtcs the essence of the control is to 
deflect the drill collar toe twe^, ,a^/ relafei«e to, the two 
conventional stabilisers in the feottofe hole assembly* 
S these forces are fhnctioris of the hydraul la fluid 

pxess»«s which are applied fcb' the actuators* Signals 
resuitlno: from the it^asaeeaent of these pressures are 
utilised by the central m*m, m feedback signals, 
indicating; the attained iMgnithae and direction of 
XO deflection of the drill collar*: 



i?he required hydraulic fluid; flow and pressures may be 
•generated by a suitable reciprocating |?t3:m» or pusses which 
are driven from the rotating: drill collar* Control o£ the 
h^armBl ic field is exercised by suitable values which 
15 divert the fiaia flow in accordance: with oonfcrol signals 
generated by the CQit^arisori mans, 

Ths actuating reans toj iaclaae devices other than tubes 
or bags to apply the co ntrol led la teral force to the drill 
string. For exa?^le> lb niay be possible to use o is ton ahd 
?0 cyi indec devices bat the conf ined space available makes * 
fluid tabes ox- bags the preferred construction. 

Drill ing apparatus according to the invention will: now be 
described by way of exansple with mference to the 
aenornpany in<3 drawings in yhlfchVi-*- 

iS:: Figure 1 is a diagraK^Mafeio view of the bottom hole 
assembly of grilling apparatus according to the 



Figure a is a oetailed vi#v r on ai); <*ni, 



scal:^ f of part 
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Figure 3 is- a sectional view on the line III It J of Pig ore 
%t and 

Figure 4 is a block diagram of a feedback loop of the 
drill irvg apparatus » 

Re £errir*§ to Figure I > the drilling coa^riSe a arill 

collar 10 carding at Its eKtr^mity a drill bit 12, The 
collar 10 Is;- su^pprfc^a asi<3 cmntm.^ In fche bom holm 14 by 
two spaced :tftob$M ^ Ma;t ; bit; stabiliser is 

and a f^r bit at^follla^r la, Between the stabilise^ l€ 
aaa& .m ; ;i^. losa^ 20 ^Msft spplies to 

tlie drill collar 1Q : a •■ ■epnfc^ll^. lataiml fore^ or 
displaaejipnt { lirvcai^ataS by arrow in o^er :: : :to-,^e.f iioJb 

the letter bat^ecm the .s^acM;^ eonsfcltiated -'by the 

atafolli^e^s 16 f .. IB;* The lateral . 'lorqaf- appl lea to the 
drill: collar 10 by the; bom 14 at^V Inaiaated: : : : : afc 21 in 
Figare 1* figiim,! illu^trat-es; /^fe^^q■^e£ieq■£iB^ : afc&Il 
poll ar at 24 >ana the -ds^e^ the 
■change in -drillin^.-^ indicate by the arigl^ 

28 « 

Figiim 2 shows a hal f sec t ion through the cont rol 
stabil iser 20 / on an eMargea :»caijaEv feferriiig to : F|§&re * 
f t the ^trc^ stabilise a hoasiiig 31 #&ich 

qp^taims the sensing ^ stor^g^ trteahs and 

^oj!fa r i.s;on: Eioeans, ■:tQ^efche r : ^:#l:fe;h-- l^ t te r ieB # hydraul ic pa nap f 
valws aisS other eqaip^^fc mde^s^rf £or the deration of 
the :#cit&a.&l^^ fhe: batteries are for powering : the 

electronic arid other eqaipi^rsfe associated with the eontrol: 
means* The hydra ui lc pun$> is driven from the rotating 
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drill collar by virtue of fehe raia^ive rotation i^tat&en 
the rotating drill collar arid the normally at^tionary 
housing* 

^her wall contact assembly 33* wh ich is externally similar 
§ to a coTiy^nt lQna stabil ise^ mac t ion to the 

radial fibres applied to the drill' ^^ilatf xMatis of the 
aatiiator assembly 34* The vail contact assembly saay 
rotate with tha ^rill the forward 

joint 35, which is connected to the wall contact assembly 

10 by a nose casing : 3S ■>■ .Is arranged to allow angulation about 
a&ss normal to arsa passing tfer of the aril! 

collar r ^ rotation about tim axis of the 

drill ^Dllar minimis axikl TO&^nfe. 

lairings 3? : ' feM.Mct the rotating wall contact assembly 

IS with" the non-rt^ an angulation 

coupling 38* an actuator casing 39 &M an anti-rotat ioii 
ae^ioe 40 * ffe arigaii tlon cot#I i 3B is similar ''''In 
perfwmaBice forward joint arid allows angulation 

about asses normal to and passing through the axis of the 

20 drill collar Bat presents mlativ^ rotation about the axis 
of the dr ill col l ar and pre vents all relative ~ 
translatioiial Bo^Bemts* aftM 40 is 

> ftf*^"!;^ 1 " ^iraaii^I;-" \-£&^oje^-" " : :-fc0 &or€ hole wall 14 

aoi piroviae torsional ^fls;ta^ci-. preventing rotation* 

23 while framing minimal resistance to axial irtpvamerit* 

The liQUSing 31 is aonn^cted tlgiaif to an actuator bridge 
:: :ir^/i^ : be : r : ''- 41* ^feis assembl v is located onto the Sariii collar 
by means o£ sp^ce a bearing a^semb£y is also 

: ;ooftria:.cte ; d : to the. actuator ■'■^sxry^'y-'i^ ] )^^'i^ of a rear joint 
30 43 ::«ft£_<^ same forward joint anS 

'■ %i"ft : ifta^ to the ,a:ng^lafeIoh:- : coupling. 
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Th^ ae taa t or assembly 34 consists : of four Ipdividual 
ao tuators 44 . .Thes^ : Actuators 1 ; 44:: within: the annular 

space 46 between the actuator ;>oa sing 39 and the actuator v 
bridge iis^MMt 41 and each aotuator i& i3is<pa^^a at equal 
S internals around t& peripferXi as tekt shmm in Figure 3 
Tm m^€m^ 0i the .mill; cal;ia.r mlatlm to: tte wall 
■contact: a^embly in ach ved toy applying different 
;ppg:s'ums 7 in a controlled manrier^ to each of the four 
actuators 44 * 

10 ^he form of the actuators could a flexible hose or tube 
44 or a variation ther^ M Mailed off and 

the other end MnheoteC to ; a\\hxftri«l : lQ : supply ana mtarn 
pipe* ^Ise flexlbie material ccmld he woven polyester or 
n^lon coated wi:th a suitable ^lagtowt suefo as Vitom 

15 Fopr of thasa tubes 44 are f itted into the annular space 
46 reserved for the aatliators r as shown -ifr #3^*i^ : ,.3 : » In 
tft0 mUfctrapL position the cross :sact ion of . each Mb^ 44 
would be partially flattened* As hydraulic "fluid is 
suppl ied to on^ actuator It has tha t^e^;enoy to return 

20 to its circular cross* seotion ap3 Mnca a mdiaii force i$ 
applied \at, lie Jetualot iocation Whlah 13 dependent on the 
hydraulic fliiid cross seotional g^om^trj 

of: the actuatory Provided the : aeta&tor aiametri : cali.y : 
opposite to efee' ,acfca;^fcO:sr- 'i^lng;. filled is allowed to wnt> 

;25 the actuator bridge ^iober 41 and h&no& the drill collar 
10 will be moored radially with respect to the aotuatbr 
housing * The use o£ four actuators allows the actuator 
bridge lumber 41 to ba positioned at any location relafei^ 
to the actuator housing only with iri the limits of $a$£^m. : 

SO radial ino^ei^ nt * ■* 

An alter tm tlve i$ode of aeration o£ this form of ths, 
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invention is with the wall contact assembly not m%» t:M% 
.with, thai drill collar* In : this esse the forward joint 35 
is I oca feed on the driir ^0|r : .% ^aaa; of a hearing 
assembly 45 and the fosarlngg 31 ar© : locked to provide a 
cifia coftfiecfclon, it isay ose&i to configure this form 
of the invent ion so that the modes of r^ermt£©tt can fa© 
interc hanged by teaB of singl e ad j us tments, With the 
wall contact assembly not rotating it may be that tm 
aati-rotafcion device is riot mt|u:irea> this function being 
provided by the wal 1 contact assembly itself, 

Referring to Figure 4, the sensing Eneans SO sense fcfe® 
actual drilling course which is conspared with the 
predefcermlnsd requited drilling course stored in the 
information storage means 52, This corBParison is carried 
over in the coitparisort sssans 54 which produce an error 
signal in dependantce upon the comparison. The error 
signal is fed back fey a feedback loop 56 to the actuating 
means 58 Coons titcs ted by the control stabiliser 20} which 
applies the controlled lateral force to the drill collar. 
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CLAIMS 



1* drilling apparaths cosnprising a rota table drill 
collar, |k drill bifc carried by the end of the drill 
collar, two spaced stabilisers which act to locat© the 
arill collar within a bore fec-le being drilled and control 
8 means for control Xing- the arilling coarse, the control 
ffieans comprising sensing means for sensing; tha actual 
drilling course, information storage «tsans; for storing a 
predetermined required; ^riiiling: course* comparison tssans 
for comparing the sensed eours^ with the required course 

3.0 and for delivering an error signal in dependence upon the 
&m&*pi&on? and actnating Jseahs ■ which do not rotate with 
the collar mm which apply a controlled lateral fore© or 
dispiace«ant to the : or 11.1 collar in order to defieet tha 
latter between the spaced stabilisers to vary the drilling 

2,5 conrse in dependence upon said error signal* 

2* drilling apparatus according to Claim 1, wherein the 
sensing jasans sense direction and inclination' of the bore " 
hole course relative to the -earth *s magnetic and 
gravitational fields respectively, 

■20 3. Drilling apparatus according to Claim I, wherein the 

actuating means include a contrql stabiliser which applies 

the controlled lateral force or displacement and which is 
located between said spaced stafeilisers . . : 

■4> i^^^^^-^^j^^ii according to any of Claims 1 
So wherein the information storage raeana are provided with 
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%i%t or mm ti oh which, relates -to tha desired direction and 
inclloa-felon of the bore hoi a coarsa f ami also to the 
maximoT^ desired emrvatura c*£ the bare hale daring the 
tra^Bit^ion from the; initial bore bale course to 
5 <i&s£r&d bor& hole eours^. 

5* Drilling :apparatis:. according' to any of the preceding 
ciaiisSjr wherein the actuating «ans comprise flexible 
tube& or bags which when 'supplied with hydraulic fXttid 
expand ontii the reqy.ire3 def lection of the drill collar 
10 is obtained* 

6* drilling apparatus aaoor<31ng to Claim 5 f *emin ftt 
re^airea h^araulic fluid : flo^ and pr^^^ur^^ ar^ geft&r&tsd 

-"U r^cipr^atinf pump <^ ptiirps which are arisen from the 
"tot^ting : drill collar** 

15 7* Briiiiii^g spfsratos according to - Claim 6* wfr@rei;n 
control of the l^araulie fi ^a^issa % wlfts 

which diwrt the floid: flow. |b ;acoOTaanca; with control 
signals gener^t^d by the comparison isans* 

8 -pc Drilli^ appamfcus a<?cordlijf to claim 1, therein- the 
20 actoatiirsg isaans a^ply oont^ollfea fdro^s to th& drill 
collar , in each of t^o orthogonal directions* so that a 
deflection of ariy & racial direction i 

aah be applied actuating m^aps to the drill 

co l l a r * 
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or d^pteeiri^nt oi the mil&lhi? m order to doff. -set Lhe 

the acU*rt§ drying soufS-& &fi*2 she* 3atter is con^weid yfitii a 
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